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ABSTRACT 
Indoor Air Quality has become an important human health and safety concern, clean air is 
essential for good health. Many studies demonstrate that air recirculation can reduce exposure to 
nanoparticles in vehicle cabins. However when people occupy confined spaces, air recirculation 
can lead to carbon dioxide (CO2) accumulation which can potentially lead to deleterious effects on 
cognitive function. It is known that in-vehicle CO2 concentration tends to increase due to occupant 
exhalation when the HVAC (Heating, Ventilation and Air Conditioning) air is in recirculation 
mode. This study establishes a major safety problem associated with automotive; Field 
experiments were conducted to measure CO2 concentration in a typical automotive cabin.  
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1. INTRODUCTION 
Automobiles are the integral part of life. The modern automotive industry grows within 
instants; this is due to people’s positive response towards vehicles. But unfortunately some kind of 
hidden safety problems are associated with it, mainly accumulation of carbon dioxide in passenger 
compartment. The CO2 concentration can build up due to human exhalation, that build up inside 
during the air-condition recirculation mode. The exhalation of such air cause many more cognitive 
problems and also that makes drowsiness, headache, sleeping. These problems lead to traffic 
accidents. So just conclude that cabin CO2 build up becomes one of the main causes of traffic 
related problems rather than improper driving, climate conditions, physical characteristics of road 
etc. In modern automotive many more safety features are to be implemented for passengers and 
also for pedestrians, still CO2 that exist inside cabin.  
 
Dr. G.D. Mathur, senior manager for test and development at CalsonicKansei North 
America, pointed out in a 2017 SAE World Congress (WCX17) presentation, just 0.1% 
concentration is the comfort limit [7]. 
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Table 1 CO2 and Its Effects on Health 
% VOL. OF 
CO2 IN AIR 
EFFECT ON AN AVERAGE ADULT  
<0.07% Normal air 
0.1% Comfort limit 
0.2% Increasing breathing rate 
2% 50% increase in the breathing rate 
3% 100% increase in breathing rate  
5% 300% increase in breathing rate; headache and sweating may 
being in 1 hour. 
8%-10% Headache after 10 to 15 minutes, dizziness, buzzing in ears, rise 
in blood pressure 
10%-18% Cramps after a few minutes, loss of consciousness 
18%-20% Symptoms similar to those of stroke 
30% Unconsciousness in 24 second 
 
2. EXPERIMENTAL SETUP FOR ESTIMATION OF CO2 LEVEL 
2.1 Experiment Conditions 
✓ Windows are fully closed 
✓ Full fan speed 
✓ Air-condition recirculation mode 
✓ Maintain minimum running speed 
✓ Participants are physically and mentally strong 
✓ Elimination pollution causing material from indoor 
2.2 Testing Vehicle 
In order to collect data for this study, a silver maruthi Suzuki alto (Model 2013) and car 
windows are fully closed position were used in the experiments as shown in Figure 1. 
 
Figure 1 Test Vehicle 
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2.3 Vehicle Specification 
Top Speed                            137km/hr 
Acceleration                         (0-100 kmph) 17.7 seconds 
Engine Displacement (cc)     796 
Maximum Power                 46.3bhp@6200rpm 
Maximum Torque                62Nm@3000rpm 
Engine Description              0.8L 46.3bhp FC engine 
 
2.3 Testing Area for Data Collection 
For data collection procedure we have to choose the kottarakara town to Tvm road 
(Kerala) as our testing platform. 
 
Figure 2 testing location (source google map) 
2.4 Testing components 
  The air quality testing to be done by means of the CO2 Detection tubes (RAE systems-CO2 
gas detection tubes, No. 10-104-30) we are using tubes with 300 – 5000 ppm level of markings. 
Must be used with in the temperature range of 0 - 40 degree Celsius. 
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Figure 3 CO2 detection tubes 
2.5 Experiment Set Up 
The air samples are selected from the interior and exterior of the vehicle by means of the 
CO2 detection tubes, syringe and tube arrangement. Test is to be beginning after 10 minute after 
journey; with windows are fully closed positions. The end breaked detection tubes are to be 
placed one end to flexible tube and other end open to the atmosphere, from where the air to be 
collected. Other end of flexible tube connected to the syringe. Make sure that syringe piston at the 
bottom end. During the first test the piston moves back and provides air flow in to the tube (avoid 
the repeated rate of pumping). The white color changes in the blue color. The respective reaction 
takes place in the tubes as shown below. 
CO2 + H2NNH2              H2NNHCO2H 
 
Figure 4  Experimental Setup 
Roshan George  et al. / International Research Journal of Automotive Technology 2018; 1(3): 68-74 
 3. RESULTS AND DISCUSSION 
The air quality testing in car cabin has been successfully completed. The estimated result 
becomes harmful level to human life, accordance with Dr. G.D. Mathur statement. At the initial 
stage (after 10 minute of journey) the estimated CO2 level range was 350-500 ppm. After one hour 
of travel CO2 level increases to 1000-1200 ppm. Finally two hour of journey the CO2 level leading 
above the 2000 ppm. 
 
 
The above graphical representation shows that, CO2 level increase. According with 
ASHRAE standard these level create suffocation for passengers. 
 
 
  1 
Figure 5 350-500 ppm 
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Figure 6  1000-1200 ppm 
 
 
Figure 7 Above 2000 ppm 
The mentioned images shows the values obtained from the cabin. We are starting at 10AM 
to 12PM, at one hour interval of time. 
 
4. CONCLUSION    
The air quality testing has been successfully completed, with the help of CO2 detection tubes. The 
harmful amount of CO2 level is to be identified. So we just concluded that the elimination of CO2 
from car cabin is an immediate action.     
  2 
  3 
Roshan George  et al. / International Research Journal of Automotive Technology 2018; 1(3): 68-74 
REFERENCES 
1. You Ke-wei1, GE Yun-shan, HU Bin, NING Zhan-wu, ZHAO Shou-tang, Measurement 
of in-vehicle volatile organic compounds under static conditions, Journal of Environmental 
Sciences 19(2007) 1208–1213. 
 
2. Novian Habibie1, Rindra Wiska, Aulia Arshad, Aditya Murda Nugraha, Rizal Diantoro, 
CO2 Monitoring System for Prototype of Building Air Quality Management Using Wireless 
Sensor Network, Intl. Journal on ICT Vol. 2, Issue. 2, December 2016. 
 
3. A. Rajendra Prasad, B. K.Rohit, V. Varun Kalyanaraman, S. Vasanth and S. Vignesh, 
Prevention Of Air Suffocation Inside A Car Cabin Using A Mechatronic System, International 
Journal of Mechanical Engineering and Technology (IJMET) Volume 8, Issue 8, August 2017. 
 
4. Heejung Jung, Modeling CO2 Concentrations in Vehicle Cabin, 2013-01-1497 Published 
04/08/2013. 
 
5. Chun-Fu Chiu, Ming-Hung Chen, Feng-Hsiang Chang, Carbon Dioxide Concentrations 
and Temperatures within Tour Buses under Real-Time Traffic Conditions, DOI:10.1371/ journal. 
pone. 0125117 April 29, 2015. 
 
6. Jinwon Seo and Yunho Choi, Estimation of the air quality of a vehicle interior: The effect 
of the ratio of fresh air to recirculated air from a heating, ventilation and air-conditioning system, 
J Automobile Engineering 227(8) 1162–1172. 
 
7. SAE Magazine, Mobility Engineering, Volume 4, Issue 3, September 2017 
  
